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REMARKS

Claims 1-5 and 7-25 are pending. Claim 6 has been canceled. Support for the newly added

claims is found derives from the specification and claims as originally filed. For example, computational

methods for the generation of primary libraries are described at page 6, line 3 1, to page 10, line 12, and

page 11, line 1 to page 13, line 34. Methods for the generation of secondary libraries from primary

libraries are described at page 24, line 9, to page 27, line 32. Support for the synthesis of variant proteins,

beginning with the corresponding oligonucleotide sequences using multiple PCR can be found at pages

28-30 Methods for isolating, purifying, and expressing the oligonucleotide sequences as proteins are well

known in the art, and are described at pages 37-44 and in the Examples. Accordingly, the amendments do

not present new matter and entry is proper.

Lack of Utility:

Claims 1-6 are rejected under 35 U.S.C. §101 . The Office Action asserts that no specific or well-

established utility has been disclosed. Reconsideration under 37 CFR 1.111 is requested.

Applicants are claiming a method of generating a secondary library. The instant claims are not

directed to a library or a composition of matter.
c

The claims of the present invention provide a method for computationally screening variant

protein sequence libraries to generate secondary libraries of useful variant protein sequences, which when

synthesized find use in a wide variety of applications, ranging from industrial to pharmacological uses.

Furthermore, the methodology of the present invention allows for the rapid screening of large numbers of

potential variant sequences for useful variants and the selection of proteins with useful properties.

Greater diversity of protein sequences may be obtained by the method of the present invention. See

Specification at page 2, lines 13-19; page 4, lines 31-36; page 6, lines 3-8; and page 6, lines 9-17.

A secondary library is defined as follows in the specification:

"In a preferred embodiment, the primary library of the scaffold protein is used to generate a

secondary library. As will be appreciated by those skilled in the art, the secondary library can be

either a subset of the primary library, or contain new library member, i.e. sequences that are not

found in the primary library. That is, in general, the variant positions and/or amino acid residues

in the variant positions can be recombined in any number of ways to form a new library that

exploits the sequence variations found in the primary library. That is, having "hot spots" or

important variant positions and/or residues, these positions can be recombined in novel ways to

generate novel sequences to form a secondary library. Thus in a preferred embodiment, the

secondary library comprises at least one member sequence that is not found in the primary

library, and preferably a plurality of such sequences."

1152269 1 7

BEST AVAILABLE COPY



USSN: 10/665,307

Filing Date: September 18, 2003

The Applicants respectfully draw the Examiner's attention to the Utility Guidelines:

In most cases, an applicant's assertion of utility creates a presumption of utility that will be

sufficient to satisfy the utility requirement of 35 U.S.C. § 101. As the CCPA stated in In re Langer:

"As a matter of Patent Office practice, a specification which contains a disclosure of utility which

corresponds in scope to the subject matter sought to be patented must be taken as sufficient to

satisfy the utility requirement of § 101 for the entire claimed subject matter unless there is a

reason for one skilled in the art to question the objective truth of the statement of utility or its

scope."

Thus, Langer and subsequent cases direct the Patent Office to presume that a statement of utility

made by an applicant is true. For obvious reasons of efficiency and in deference to an applicant's

understanding of his or her invention, when a statement of utility is evaluated, Patent Office personnel

should not begin an inquiry by questioning the truth of the statement of utility. Instead, any inquiry must

start by asking if there is any reason to question the truth of the statement of utility. This can be done by

evaluating the logic of the statements made, taking into consideration any evidence cited by the applicant.

If the asserted utility is credible (i.e., believable based on the record or the nature of the invention), a

rejection based on "lack of utility" is not appropriate. Thus, Patent Office personnel should not begin an

evaluation of utility by assuming that an asserted utility is likely to be false, based on the technical field of

the invention or for other general reasons.

Compliance with § 101 is a question of fact. Thus, to overcome the presumption of truth that an

assertion of utility by the applicant enjoys, Patent Office personnel must establish that it is more likely

than not that one of ordinary skill in the art would doubt (i.e., "question") the truth of the statement of

utility. To do this, Patent Office personnel must provide evidence sufficient to show that a person of

ordinary skill in the art would consider the statement of asserted utility "false". A person of ordinary skill

must have the benefit of both facts and reasoning in order to assess the truth of a statement. This means

that if the applicant has presented facts that support the reasoning used in asserting a utility, Patent Office

personnel must present countervailing facts and reasoning sufficient to establish that a person of ordinary

skill would not believe the applicant's assertion of utility (MPEP §2107.02IIIA). The initial evidentiary

standard used during evaluation of this question is a preponderance of the evidence (i.e., the totality of

facts and reasoning suggest that it is more likely than not that the statement of the applicant is false). It is

respectfully submitted that the Examiner has not met this burden.

Applicant respectfully submits that the application is enabled by the Examples where a molecule
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whose coordinates were input into a computer, heavy side chain atoms were selected within a 4 Angstrom

sphere around four catalytic residues. In addition, another example shows a set of residues within a 5

Angstrom sphere are floated. A probability table (Table 3) was calculated from the top 1000 sequences in

the list (again see Table 3). Table 3 shows the number of occurrences of each of the amino acids selected

for each position (i.e., 5 variable positions and 25 floated positions). Thus these examples also show

utility.

Additionally, no further characterization of the present invention is necessary to demonstrate or

confirm a "real world" use because methods of protein design related to those of the present invention

have been shown to work as claimed. See also U.S. Patent Nos. 6,188,965; 6,296,312; 6,403,312;

6,708,120; 6,792,356; PCT/US98/07254 and PCT/US0 1/40091. Such methods have been used to

generate novel proteins with enhanced properties, see for example, U.S. Patent Nos. 6,682,923;

6,627,186; 6,514,729; and 6,746,853. See also, Steed et al, Science (2003), 301: 1895-1898, a copy of

which is enclosed as Exhibit A; Hayes et al., PNAS, 99 (25): 15926-1593 1, a copy of which is enclosed as

Exhibit B; and Luo et al., Protein Science (2002), 11: 1218-1226, a copy of which is enclosed as Exhibit

C. Applicant also notes that the methodology described in these patents and scientific publications is not

limited to enzymes, but applies to therapeutic proteins as well as any other type of protein.

In the article "Proteins from Scratch" (DeGrado, Science (1997), 278:80-81, a copy of which is

enclosed as Exhibit D), biochemistry professor William F. DeGrado of the University of Pennsylvania

School of Medicine, a world-renowned expert in protein structure, folding and design, comments on the

computational platform designed by Dahiyat and Mayo in Science (1997), 278:82-87. This platform is an

earlier version of the computational platform that has evolved and is claimed herein. Dr. DeGrado states:

"Not long ago, it seemed inconceivable that proteins could be designed from scratch. Because

each protein sequence has an astronomical number of potential confirmations, it appears that only

an experimentalist with the evolutionary life span of Mother Nature could design a sequence

capable of folding into a single, well-defined three dimensional structure. But now on page 82 of

this issue, Dahiyat and Mayo describe a new approach that makes de novo protein design as easy

as running a computer."

Dr. DeGrado further states (col 1, paragraph 3):

"Thus, the problem of de novo protein design reduced to two steps: selecting a desired tertiary

structure and finding a sequence that would stabilize this fold. Dahiyat and Mayo have now
mastered the second step with spectacular success. They have distilled the rules, insights and

paradigms gleaned from two decades of experiments into a single computational

algorithm...Thus the rules of ...computational methods for de novo design may now be

sufficiently defined to allow the engineering of a variety of proteins."
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Further, in 2002, Dr. Jeffery G. Saven, a well-known expert in protein design, has recently

published a review of the state of the art in combinatorial protein libraries (see, Saven, JG, Curr. Op.

Struct. Biol. (2002), 12:453-458, a copy of which is enclosed as Exhibit E, where he states at page 456,

col. 1, 3
rd
paragraph, lines 6-13:

"Not only can combinatorial methods be used for discovery but also, more deeply, they can

inform our understanding of protein properties by generating and assaying whole ensembles of

sequences. Traditionally, advances in structural biology have come from examining the

structures of naturally occurring proteins, but with combinatorial experiments, an enormous

diversity of sequences can be generated at the control of the researcher".

The Saven publication, while not prior art in the instant application, shows that it is known in the

art that combinatorial library generation has "real world use". Thus, the discussions above regarding

examples of actual utility by Applicant, as well as recognition to those skilled in the art of protein design

and combinatorial library generation, meets the utility requirement under 35 USC § 101.

As further outlined in the Guidelines:

Where an applicant has specifically asserted that an invention has a particular utility, that

assertion cannot simply be dismissed by Office personnel as being "wrong," even when there may
be reason to believe that the assertion is not entirely accurate. Rather, Office personnel must

determine if the assertion of utility is credible (i.e., whether the assertion of utility is believable to

a person of ordinary skill in the art based on the totality of evidence and reasoning provided). An
assertion is credible unless (a) the logic underlying the assertion is seriously flawed, or (b) the

facts upon which the assertion is based are inconsistent with the logic underlying the assertion.

Credibility as used in this context refers to the reliability of the statement based on the logic and

facts that are offered by the applicant to support the assertion of utility.

Thus, the burden is shifted to the Examiner. The Examiner analogizes a library to a composition

of matter, which has to undergo screening to isolate and identify a product, citing Brenner v. Manson , 148

USPQ 689 (1966) ("Brenner").

Applicants are specifically claiming a method of generating a secondary library, not a "library"

per se, nor a composition of matter in the instant application. Thus, the analogy to Brenner that the

Examiner makes is not analogous to the claims in the instant application.

In addition, Applicants respectfully disagree with the analogy to Brenner because the protein

variants to be screened by the method of the present invention, synthesized and/or tested find utility in

their respective fields. For example, for purposes of the present invention, it does not matter what the
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class of proteins are. The method of the claimed invention, screens for useful variants having desired

protein characteristics. See for example, Specification at page 4, lines 25-30 and page 34, lines 22 to page

35, line 12. For example, the variants produced from the method of the present invention may find use as

therapeutic proteins. See Specification beginning at page 34, lines 22, ending on page 35, line 12.

The arguments made above with respect to 35 USC §101 are equally applicable to the rejection

under 35 USC §112, first paragraph. The techniques described in the recited methods have a specific and

well-established utility, and one skilled in the art would know how to use the claimed invention,

particularly as demonstrated in the patents and scientific articles discussed above.

Thus, the burden is shifted to the Examiner. The Examiner analogizes a library to a composition

of matter, which has to undergo screening to isolate and identify a product, citing Brenner v. Manson, 148

USPQ 689 (1966). Applicants respectfully disagree because the invention as claimed is in fact a method

for generating libraries. Although the examiner describes the secondary libraries as presently undefined,

the method for generating them is fully enabled by the specification. The basis for this is that Applicant's

are claiming a method of generating a secondary library. The library generated will necessarily vary with

the particular target protein identified, as well as the use of the different parameters of the method.

In conclusion, as outlined above, Applicant's are claiming a method of generating a secondary

library, not a library per se, nor a composition of matter. One skilled in the art would be able to practice

the invention as described in the method claims and by a review of the enabling specification. It is

submitted that the present invention has utility under §101 and §112, first paragraph and Applicants

respectfully request that the rejections be withdrawn.

Claim Rejection 35 USC SI 12, first paragraph

Claims 1-3 are rejected under 35 USC §112, first paragraph because the specification while

enabling for the enzymes protein design using specific program design, does not reasonably provide

enablement for any type of secondary library of scaffold protein variants or sequences.

By way of clarifying the terms used in the specification, Office Action and the instant response,

Applicants would like to provide definitions of the following terms of art (as shown in Voet & Voet,

Biochemistry , Chapter 6, page 109 (1990); Exhibit F:)

1. A protein's primary structure (1° structure) is the amino acid sequence of its polypeptide

chain(s).
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2. Secondary (2°) structure is the local spatial arrangement of a polypeptide's backbone atoms

without regard to the conformations of its side chains.

3. Tertiary (3°) structure refers to the three-dimensional structure of an entire polypeptide. The

distinction between secondary and tertiary structures is, of necessity, somewhat vague; in practice, the

term secondary structure alludes to easily characterized structural entities such as helices.

The Applicants respectfully disagree for the following reasons. §112 does not require such

extensive disclosure. A patent need not teach, and preferably omits, what is well known in the art. In re

Buchner, 929F.2d 660, 661, 18 USPQ2d 1331, 1332 (Fed. Cir. 1991); Hybritech Inc. v. Monoclonal

Antibodies, Inc., 802 F.2d 1367, 1384, 231 USPQ81, 94 (Fed.Cir. 1986), cert.denied, 480 U.S. 947

(1987); and Lindemann Maschinenfabrik GMBH v. American Hoist & Derrick Co., 730 F.2d 1452, 1463,

221 USPQ481, 489 (Fed. Cir. 1984).

Furthermore, "[a]U that is necessary is that one skilled in the art be able to practice the claimed

invention, given the level ofknowledge and skill in the art. Further, the scope of enablement must only

bear a "reasonable correlation" to the scope of the claims. Se, e.g., In re Fisher, All F.2d 833, 839, 166

USPQ 18, 24 (CCPA 1970)." (See MPEP §2164.08)

The Applicant respectfully draws the Examiner's attention to page 7, line 9 to page 9, line 5 of

the Specification as filed, where there is a discussion of secondary library of scaffold protein or variant

sequences.

The enablement requirement refers to the requirement of 35 USC 1 12, first paragraph that the

specification describe how to make and how to use the invention. The invention that one skilled in the art

must be enabled to make and use is that defined by the claim(s) of the particular application or patent.

As stated infra regarding utility, Applicant respectfully submits that the application is enabled by

the examples where a molecule whose coordinates were input into a computer, heavy side chain atoms

were selected within a 4 Angstrom sphere around four catalytic residues. These heavy side chain atoms

defined the variable residue positions for which a primary library was calculated. A probability table

(Table 3) was calculated from the top 1000 sequences in the list (again see Table 3). Table 3 shows the

number of occurrences of each of the amino acids selected for each position (i.e., 5 variable positions and

25 floated positions). One skilled in the art would readily be capable of extrapolating these examples to a

variety of protein systems with a variety of functions, particularly when read in light of the specification

(e.g. see Specification page 7, line 27 to page 9, line 5; page 34, line 22 to page 35, line 12). Thus these
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examples also show enablement.

*

With respect to the scope of the enabling disclosure not commensurate with the scope provided in

the Specification, there is disclosure of using a computational design program, and preferably PDA®

technology as embodiments of the invention. See Specification at page 2, lines 1-3; page 7, lines 9-12;

and page 14, line 30 to page 15, line 5. In addition, the examples provide further enabling disclosure to

one skilled in the art to practice this invention. As stated previously, the methodology is not limited to a

particular kind of protein, and one skilled in the art would not be led to believe that this method is limited

to enzymes. The method of the present invention is not limited to enzymes, since the modifications may

be done to any proteins, not just enzymes. The methodology has been successfully employed in many

non-enzyme proteins, e.g., TNF, GCSF, Interferon, etc. The publications cited in the section addressing

the 35 USC §101 show the diversity of proteins that may be used. In addition, the article by Dr. Saven

shows that those skilled in the art do not limit proteins by type (such as enzyme). The methodologies

apply to any type of protein. The methodology requires that coordinates of a target protein be input.

There is nothing in the methodology that so limits it only to enzymes, and while the examples show

enzyme modifications, these examples are just that, examples ofhow the technology works. The

specification provides support for the use of any protein that may be used in this method. One skilled in

the art would understand that this method may be used on any protein and not just limited to enzymes.

Examiner states that "in an unpredictable art such as protein" (page 5, 2
nd

paragraph), that it is

difficult to design a protein. Applicants are not designing a protein de novo, but are inputting the

coordinates of a target protein. Inputting the coordinates of a target protein is the equivalent to enabling

the analysis of that particular protein structure. Thus, Applicants are not designing a secondary or tertiary

structure (see definitions of these terms supra) of a protein de novo, but relying on the existing structure

coordinates from which to commence a design. The methodology employs known physico-chemical

parameters of proteins, amino acids and rotamers to modify the target protein.

The Examiner notes that "hydrogen bonding could be important in designing and stabilizing of

other types of secondary structure" (Office Action, page 6, lines 10-13) as an example of the complexity

of the protein design art. Hydrogen bonding is one of the physico-chemical properties that may be used

in Applicants' methodology (see Specification at page 14, line 14; page 16, line 18; page 18 line 9 to page

19, line 3; page 58, line 7). Further, hydrogen bonding is one of the scoring function types that is

combined in a balanced manner to accurately model proteins (see for example p. 18, Equation 1, or

US6 188965 or references incorporated therein). Many scoring functions can be used successfully (see

Specification page 10, line 17 to page 15 line 5) but each balances similar energy terms, such as hydrogen
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bonding and secondary structure propensity, slightly differently.

The Examiner also asks "if such design is feasible in the actual environment where the protein

exists" (Office Action, page 7, lines 1-2). The answer to that question is Yes. Some of the parameters of

the methodology are designed to take the environment of the protein into account (e.g. see discussions of

solvation energies in the Specification at page 14, line 14 and page 18, line 5). Further, more specifically,

the third paragraph of Example 3 and Table 3 recite the suite of parameters that may be used to design a

modified protein in its environment and in a quantitative manner.

Applicants specifically prepare a structure for design by eliminating everything but the protein

backbone and eliminating "non-protein" elements (e.g. water), (see Specification at page 15, line 4 to

page 16, line 8).

It is by this technique that the coordinates are input by defining the backbone of the protein. The

target protein is thus prepared to for its coordinates to be input (see specification at page 7, lines 27-3

1

and page 15, linelO to page 16, line 8). The target protein may include any type protein (see specification

at page 8, line 8 to page 9, line 5 for disclosure on non-enzyme protein scaffolds).

Next amino acid groups are selected and positions are selected at page 16, lines 9-17 in the

specification. It is noted that Examiner's comments regarding the non-use of certain amino acids is

addressed in detail in the specification as cited. Scoring functions are described at page 10, line 18 to

page 20, line 19. Scoring functions are applied to the target protein and the selected amino acids at the

selected positions to generate a library of variants that have been optimized or generated (see page 20,

line 20 to page 21, line 15) to achieve a particular design goal.

Thus for every protein (not just enzymes), the same methodology as recited in the instant claims

is used. The coordinates are input; a scoring function is used to generate a primary library; a probability

distribution is generated from the amino acids generated from the scoring function. Then using the amino

acids from the probability distribution one generates a secondary library. This method can be used for

all proteins.

There is no undue experimentation since the specification enables one skilled in the art to practice

the invention using the specifically recited steps in the claims. The Examiner refers to Cys, Pro and Gly

not being used in an Example in the specification. Applicants' respectfully refer the Examiner to page 17,

lines 30-35, where the specification discloses the basis behind using, or not using certain amino acids in

certain situations. To one skilled in the art of protein design, this is not undue experimentation but a
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design choice. With respect to the Examiner's comments regarding S02 and water being removed,

Applicants' respectfully refer the Examiner to page 15, lines 6-25 for the discussion on backbone

structure preparation, as well as the discussion on backbone preparation above.

Applicants respectfully point to In re Goffe, 191 USPQ429 (CCPA 1976), where the court stated:

"For all practical purposes, the Board would limit Appellant to claims involving the specific

materials disclosed in the examples, so that a competitor seeking to avoid infringing the claims

would merely have to follow the disclosure in the subsequently issued patent to find a substitute.

However, to provide effective incentives, claims must adequately protect inventors. To demand

that the first to disclose shall limit his claims to what he has found to work or to materials which

meet the guidelines specified for "preferred" materials in a process such as the one herein

involved would not serve the constitutional propose ofpromoting progress in the useful arts."

Additionally, in In re Angstadt, 190 USPQ 214, 218 (CCPA 1976), the court further stated:

"Appellants have apparently not disclosed every catalyst which will work; they have apparently

not disclosed every catalyst which will not work. The question, then, is whether in an

unpredictable art, section 1 12 requires disclosure of a test with every species covered by a claim.

To require such a complete disclosure would apparently necessitate a patent application or

applications with "thousands" of examples or the disclosure of "thousands" of catalysts along

with information as to whether each exhibits catalytic behavior resulting in the production of

hydroperoxides. More importantly, such a requirement would force an inventor seeking adequate

patent protection to carry out a prohibitive number of actual experiments. This would tend to

discourage inventors from filing patent applications in an unpredictable area since the patent

claims would have to be limited to those embodiments which are expressly disclosed."

Therefore, in conclusion, Applicants submit that the Specification taken in conjunction with the

state of the art at the time the invention was filed fully enables a person skilled in the art to practice the

method of the invention without undue experimentation. Applicants respectfully request reconsideration

and withdrawal of the rejection.

Rejection under 35 USC §112, second paragraph

Claims 1-6 are rejected under 35 USC §112, second paragraph as being indefinite for failing to

particularly point out and distinctly claim the subject matter, which the applicant regards as the invention.

A). The Examiner rejects claim 1 as being incomplete for omitting essential steps. Claim 1 has

been amended to clarify the generation of the primary library. The use of a force field calculation

produces a probability distribution table is also clarified. Further, one skilled in the art would understand

how this works in view of the specification. The probability distribution table is used to generate a
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secondary library of sequences, rather than a secondary sequence, as stated by the Examiner at Page 7,

penultimate line. The force field calculation is applied to generate the primary library and a resulting

probability distribution table of the variants, which in the simplest embodiments entails a simple counting

process of the frequency of occurrence of each amino acid at each primary variant position in a list of low

energy sequences (see Specification, page 58, lines 20-22 and table 3).

Examiner's use of the term "probability" is taken out of context. The term is "probability

distribution table" or "probability distribution" and both are terms of art. This technique may be used to

define a table (see Table 3 in the examples as one example) of the probability distribution of a set of

amino acids at a particular position of a target protein. The use of a "probability distribution table" is not

ambiguous since it is a defined table that is well defined in the specification and well known in the prior

art by those skilled in the art. The term "probability" is not used in the "uncertainty" context as stated by

Examiner. Moreover, the term is not used alone but in combination with the expression well known in

the art "probability distribution" or "probability distribution table".

As stated in the MPEP §2 173 .05(a):

The meaning of every term used in a claim should be apparent from the prior art or from the

specification and drawings at the time the application is filed. Applicants need not confine

themselves to the terminology used in the prior art, but are required to make clear and precise the

terms that are used to define the invention whereby the metes and bounds of the claimed

invention can be ascertained. During patent examination, the pending claims must be given the

broadest reasonable interpretation consistent with the specification. In re Morris, 111 F.3d 1048,

1054, 44USPQ2d 1023, 1027 (Fed. Cir. 1997); In re Prater, 415 F.2d 1393, 162 USPQ 541

(CCPA 1 969). See also MPEP § 2 1 1 1 - § 2 1 1 1 .0 L When the specification states the meaning that

a term in the claim is intended to have, the claim is examined using that meaning, in order to

achieve a complete exploration of the applicant's invention and its relation to the prior art. In re

Zletz, 893 F.2d 319, 13 USPQ2d 1320 (Fed. Cir. 1989).

In reviewing a claim for compliance with 35 U.S.C. §112, the Examiner must consider the claim

as a whole to determine whether the claim apprises one of ordinary skill in the art of its scope and,

therefore, serves the notice function required (See MPEP §2173.02). If the claims, read in light of the

specification , reasonably apprise those skilled in the art both of the utilization and scope of the invention,

and if the language is precise as the subject matter permits, the statute demands no more, [emphasis

added].

Applicants have corrected the terms "scaffold protein sequences" and "secondary sequences"

have been modified to make these terms more consistent in claim 1

.
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B). Claim 2 has been modified to clarify the Examiner's regarding the synthesizing steps. C).

Claim 3 has been modified to clarify Examiner's concerns. D). Claim 5 has been amended to clarify the

term "correspond". E). Claim 6 has been canceled making this rejection moot.

In light of the foregoing arguments, Applicants respectfully request the reconsideration and

withdrawal of the rejection of Claims 1-6.

Double Patenting

Claims 1-6 have been provisionally rejected under the judicially created doctrine of obviousness

type double patenting as being unpatentable over claims 1-9 of copending application No. 09/782,004.

Applicants respectfully point out that the instant application is a divisional filing of the '004 case. The

Examiner found that the claims in the '004 application were patentably distinct from the claims in the

instant application. In response to the Examiner's parenthetical statement requesting that Applicant set a

demarcation line among the numerous copending applications, it is respectfully submitted that many of

the copending cases were the subject of the Examiner's restriction requirements and that the demarcation

was established by the Examiner. If the Examiner no longer believes that the claims in these cases are

patentably distinct, Applicants' respectfully request that the restriction requirement be withdrawn and the

claims from all of the copending cases combined and considered together. Applicants would be happy to

submit these claims with a linking genus claim. It is respectfully requested that this provisional rejection

be withdrawn.

Claims 1-6 have been provisionally rejected under the judicially created doctrine of obviousness

type double patenting as being unpatentable over claims 1-8 ofUS Patent No. 6,403,3 12. Applicant has

enclosed a TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING REJECTION in

response to this rejection.

Claim Rejections - 35 USC $ 103(a)

Claims 1-6 have been rejected under 35 USC §103 (a) as being unpatentable over Mayo

(WO98/47089 is the foreign counterpart to US Patent No. 6,188,965 issued February 13, 2001) in view of

Applicants' disclosure of known prior art.

To establish a prima facie case of obviousness, three basic criteria must be met: 1) suggestion or

motivation, either in the references themselves or in the knowledge generally available to one of ordinary

skill in the art to modify or combine reference teachings; 2) there must be a reasonable expectation of

success; and 3) the prior art reference must teach or suggest all the claim limitations. (See MPEP §2142).
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The Office Action states "Mayo discloses e.g., page 15, lines 4-7; page 46, line 34 up to page 47,

line 10 a method of creating a secondary sequence library with the side chains described as rotamers

using force field calculation in generating a secondary structure for protein variants."

Applicants respectfully disagree with Examiner's assessment of this reference. In the section

identified by the Examiner, Mayo is describing a validation of a scoring function, in this case, a van der

Waals and solvation function. A secondary library is not generated, let alone a primary library, which is

the methodology specifically defined in the claims.

Mayo used a force field calculation to generate energies of 75 previously defined and pre-existing

full-length proteins. The proteins used were not "designed" in this case, nor was a primary library

actually generated. The energies were generated so as to validate the use of a force field in a

computational design program. Thus, while Mayo discloses inputting coordinates into a system, no

library is generated from use of a force field, as energies were merely identified.

As further clarification, Applicant's respectfully point out that a rotamer library is not a primary

or a secondary library. A rotamer library is a set of conformers that may be applied to a target protein to

generate a primary library or secondary library. However, the term "library" with rotamer is not a

"library" used in the sense of the instant claims.

In the above example, no rotamer libraries were used to generate a diverse library of primary

sequences. The sequences were already identified; Mayo input the coordinates of these pre-existing

molecules and then generated the various energies of each sequence using a van der Waals force field as a

means of validating this scoring parameter.

While the Mayo reference, taken in its entirety, discloses the use of a rotamer library to design

modified protein sequences, it does not disclose, teach or suggest, a secondary library, nor does it

disclose, teach or suggest probability distribution nor probability distribution tables. Thus, Mayo does not

disclose a secondary library as specifically recited in Applicants' claims, nor a probability distribution,

also specifically recited in Applicants' claims.

The Examiner also recites "Applicants' disclosure ofknown prior art" as part of the 103(a)

rejection. One of ordinary skill would understand the cited "DNA shuffling" reference and other well-

known mutagenesis techniques, teach away from the use of a rational computational design algorithm, as

used in the instant application. DNA shuffling is a random technique to generate libraries. There is no

rational computational design used to generate a library. Thus, "Applicants' disclosure ofknown prior
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art" does not teach the expressly recited steps of generating a secondary library, nor does this disclosure

suggest or teach use of computational design.

With respect to the first criterion for a prima facie case of obviousness, there is no teaching,

suggestion or motivation, either in the references themselves or in the knowledge generally available to

one of ordinary skill in the art to modify or combine reference teachings. The Examiner acknowledges

Mayo does not disclose the synthesis of the protein or the nucleotides that would encode the protein.

However, since Mayo does not generate a secondary library either, the combination of these teachings

does not make obvious to one skilled in the art, Applicant's claimed invention.

Furthermore, there is no suggestion or motivation to modify or combine the teachings with Mayo,

since the DNA shuffling technique is a random experimental technique that generates a library of

unknown sequences that are undefined until these sequences are sequenced. There is no suggestion to

combine these teachings since one is a random technique and Applicant's method is a rational one.

Further to combine the references would destroy the prior art teachings of each. Therefore, the first prong

of the analysis has not been met.

The second criterion, a reasonable expectation of success, has been demonstrated in the several

working examples included in the application as filed. See Specification at pages 57-64. Additional

support for the expectation of success may be found in the publications and patents recited in the response

to the rejection under 35 USC § 101.

Finally, the prior art reference must teach or suggest all the claim limitations. As discussed

above, neither prior art reference teaches or suggests all the claim limitations of the present invention. As

discussed above, Mayo does not disclose generating a library of protein variants, and certainly not a

secondary library. With respect to the prior art cited by the Examiner, e.g. "DNA shuffling," the

reference does not disclose generating a probability distribution table of amino acid residues in a plurality

of variant positions utilizing a force field, as required by the present invention. In light of the above-facts,

neither of the cited prior art references teaches or suggests all the claim limitations and do not support the

third criterion.

"A prior art reference must be considered in its entirety, i.e., as a whole, including portions that

would lead away from the claimed invention. W.L. Gore & Associates, Inc. v. Garlock, Inc., 721 F.2d

1540, 220 USPQ 303 (Fed. Cir. 1983), cert denied, 469 U.S. 851 (1984)." As stated above, the

combination of a rational approach and a random approach would destroy the teachings of each reference.

The references teach away from each other and also the combination of them together.
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Applicants respectfully submit, in light of the foregoing discussion, neither reference supports a

finding that a prima facie case of obviousness has been established against the present invention.

Claims 1-6 have been rejected under § 103(a) as being unpatentable over Mayo (WO 09/47089) in

view of applicants' disclosure of known prior art. The Office Action states "Mayo discloses e.g., page 15,

lines 4-7; page 46, line 34 up to page 47, line 10 a method of creating a secondary sequence library with

the side chains described as rotamers using force field calculation in generating a secondary structure for

protein variants."

Applicants' respectfully disagree because as discussed above, the cited reference neither suggests

or teaches the generation of libraries per se, and does not teach the generation of secondary libraries.

Furthermore, the present invention may be distinguished from the cited reference because there is

no suggestion or teaching of generating a secondary library from secondary sequences, differing from the

primary sequence(s). Therefore, the claims of the present invention are not anticipated or made obvious

by the cited reference because each and every element as set forth in the claim is not found, either

expressly or inherently described, in a single prior art reference. Nor are the elements not set forth in the

reference, suggested in the reference. There is no suggestion of combination of "gene shuffling" with

Mayo by Mayo. In light of the foregoing, Applicants respectfully request reconsideration and withdrawal

of the claim rejections.

The Applicants submit that in light of the above-amendment and argument, the claims are now in

condition for allowance and an early notification of such is respectfully solicited.

The Examiner is invited to contact the undersigned at (415) 781-1989 if any issues may be

resolved in that manner.

Four Embarcadero Center

Suite 3400

San Francisco, California 94 1 1 1 -4 1 87

Telephone: (415)781-1989

Fax No. (415)398-3249

Dated: September^, 2004
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Combinatorial protein libraries permit the examination of a wide

range of sequences. Such methods are being used for de novo

design and to investigate the determinants of protein folding.

The exponentially large number of possible sequences, however,

necessitates restrictions on the diversity of sequences in a

combinatorial library. Recently, progress has been made in

developing theoretical tools to bias and characterize the

ensemble of sequences that fold into a given structure - tools

that can be applied to the design and interpretation of

combinatorial experiments.
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Introduction

The discovery and design of novel proteins can lead to

new, potentially practical proteins and can also enhance

our understanding of protein biochemistry. Designing

well-structured, soluble proteins is difficult, however,

because of their complexity. Such proteins are large (tens

to hundreds of amino acid residues) and have many variables

that specify the folded state, including sequence, backbone

topology and sidechain conformation. Design involves

identifying those sequences that fold into a given structure

from a huge ensemble of possible sequences. This search

is aided, in part, by the large degree of consistency seen in

folded proteins. On average, a folded structure is well

packed, hydrophobic residues are sequestered from solvent

and most potential hydrogen bond interactions are satisfied.

This consistency, however, is often complex, may have

little simplifying symmetry and involves predominantly

noncovalent interactions. Such interactions are some of the

most difficult to accurately quantify. As such, estimating

the free energies associated with mutation or structural

ordering remains a subtle area of computational research.

Nonetheless, many molecular potentials do contain a 'best

parameterization' of many of the interatomic interactions

and forces that we know are important for stabilizing

proteins. In some cases, such potentials have been used with

striking success in protein design [1**]. Given that these

potentials are necessarily approximate, however, one

promising approach is to use the partial information con-

tained in these functions in a probabilistic manner. A
probabilistic or statistical approach is also appropriate for

characterizing the full variability of sequences that fold

to a common structure, because there are likely to be an

enormous number of such sequences. Such statistical

methods can be applied in 'shotgun' approaches to de novo

protein design. Combinatorial experiments create and assay

many sequences in order to overcome shortcomings in

our understanding of folding or other molecular properties.

Even though combinatorial methods can address large

numbers of sequences (104-10 12
), these numbers are still

infinitesimal in comparison to the numbers of possible

sequences (e.g. 20 100 = 10 130 for a 100-residue protein). Thus,

methods for winnowing and focusing sequence space are

a vital component of combinatorial protein design. Herein,

I briefly discuss combinatorial methods for full sequence

design. I also review recent theoretical developments

in characterizing sequence ensembles — developments

that can be applied to the design and interpretation of

combinatorial experiments.

Directed protein design
There has been much effort— and success— in developing

computational methods for 'directed' protein design. By

'directed protein design', I mean the identification of a

sequence (or a small set of sequences) that is likely to

fold into a predetermined backbone structure. Each such

sequence can then be synthesized to confirm its folded

structure and other molecular properties. Early efforts in

design identified proteins with substantial order, but not

necessarily well-defined tertiary structure [2], Because an

enormous number of sequences are possible even for

small proteins (<50 residues), computational methods

have dramatically accelerated successful design. Typically,

such methods are implemented as an optimization

process, whereby amino acid identity and sidechain

conformation are varied in order to optimize a scoring

function that quantifies sequence/structure compatibility.

Exhaustive searching of all mN possible sequences (where

m is the number of different amino acid types or 'states'

per residue and N is the number of residues in a target

protein structure) is feasible only if a small number of

residues N are allowed to vary or if the number of amino

acids m is greatly reduced. If, in the optimization process, the

different sidechain conformations (rotamer states) of each

amino acid are also considered (see [3]), the complexity of

the search increases still further, because w, the number of

possible 'states' per residue, increases by a factor of ten

or more. Although complete enumeration is typically not

feasible, sequence space can be sampled in a directed

manner in order to find optimal (or nearly optimal)

sequences. Stochastic methods, such as genetic algorithms

or simulated annealing, involve searching sequence space

in a partially random fashion; on average, the search

progressively moves toward better scoring (lower energy)

sequences [4,5]. The partially random nature of the search

permits escape from local minima in the sequence/rotamer

landscape. Using a simplified model, the Takada and Tamura

groups have included information about unfolded structures

(negative design) in a stochastic search for a sequence with

a 'funneled conformational energy landscape' [6]. One
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47-residue three-helix bundle protein so selected has

CD and NMR spectral features of folded proteins (W Jin,

O Kambara, H Sasakawa, A Tamura, S Takada, personal

communication). When applied to atomically detailed

representations, the stochastic methods focus primarily

on repacking the interior of a structure with hydrophobic

residues [7] and have been applied to the wild-type

structures of 434 Cro [8], ubiquitin [9], the Bl domain of

protein G [10
#
], the WW domain [1**] and helical bundles

[11,12]. Although, in many cases, these methods have

identified experimentally viable sequences [1**,13], sto-

chastic search methods need not identify global optima [14*].

For potentials comprising only site and pair interactions,

elimination methods such as 'dead end elimination' can find

the global optimum [14*,15-17]. Such methods successively

remove individual amino acid rotamer states that cannot be

part of the global optimum until no further states can be

eliminated. The Mayo group applied such methods to

automate the full sequence design of both a 28-residue

zinc finger mimic [18] and, after predetermining hydro-

phobic and polar sites, a 51-residue homeodomain motif

[19*]. The group has also redesigned portions of a variety

of proteins [20-22]. Functional properties such as metal

binding or catalysis may also be included as elements of

the design process [23,24*]. The elements and algorithms

of directed protein design have been the subject of several

recent reviews [1 ••,25,26*].

Despite some striking successes, computational methods

for directed design have limitations with respect to both

identifying folding sequences and characterizing the

features of protein sequences that share a common structure.

Stochastic methods, such as simulated annealing or genetic

algorithms, can be applied to large proteins and permit

many sites to be varied simultaneously, but the compu-

tational times and resources required for such calculations

are extensive, even for small proteins. When used as

optimization methods, directed approaches will necessarily

be sensitive to the energy or scoring function used. All

energy functions in use in protein design, however, are

necessarily approximate and uncertainties in the energy

function may not merit the search for global optima.

Furthermore, many naturally occurring proteins are not

optimized. In fact, most proteins are only marginally stable

(e.g. AG°<10 kcal/mol for folding) [27]. In addition,

sequences that function, for example, those that bind another

molecule, need not be the global optimum with respect to

structural stability. Although stochastic methods can sample

such suboptimal sequences, in general an exponentially

large number of them will be possible and such sampling

will be time consuming. Thus, it is important to develop

methods complementary to those used for directed protein

design — methods that reveal the features of sequences

that are likely to fold into a particular structure but that may
not be structurally 'optimal'. Such computational methods

will have application to a new class of protein design studies,

combinatorial experiments, in which large numbers of

proteins may be simultaneously synthesized and screened.

Combinatorial design
Combinatorial design provides a complementary approach

to directed design for understanding sequence/ structure

compatibility and discovering novel sequences that fold

into a specific structure. Combinatorial methods are

powerful tools for cases in which we have an incomplete

understanding of molecular properties. In protein combi-

natorial design experiments, large numbers of sequences

(libraries) are screened for evidence of folding into a

predetermined structure. A combinatorial experiment has

two key elements: creating a library with a desired degree

of diversity and assaying for sequences with 'protein-like'

properties in terms of their structure or function. Depending

upon how the diversity is generated and assayed, experi-

ments of this type can explore a large number of sequences,

up to 10 12 [28*]. Certainly, such methods can be used to

discover 'hits', that is, a few sequences that are especially

stable or that are unusually strong in their function or

binding properties. In addition, combinatorial experiments

readily generate a sequence ensemble. Thus, using combi-

natorial experiments, we can potentially 'expand the protein

sequence database' and the diversity of these additional

sequences will be at the control of the researcher. Features

important to folding (and other properties) may be explored

in a way that is decoupled from the evolutionary require-

ments of nature's proteins. For example, these methods

have been used to identify helical proteins [29-31],

ubiquitin variants [32], self-assembled protein monolayers

[33], proteins with amyloid-like properties [33], metal-

binding peptides [34] and stable interhelical oligomers [35].

Several excellent reviews of combinatorial experiments have

appeared recently [36,37,38*,39**].

The complexity of combinatorial experiments implies that

limitations must be placed on the sequences, because the

number that can be created and screened (106-10 12
) is

infinitesimal compared to the number possible (e.g. 10130
).

Limitations on sequence properties are often guided by

qualitative chemical considerations, but quantitative

computational methods will be helpful in designing and

interpreting combinatorial experiments.

The Hecht group has probed the extent to which the

patterning of hydrophobic and hydrophilic residues can

successfully reduce complexity in combinatorial design.

While maintaining the periodicity of a helices and P sheets

in particular tertiary structures, such patterning is applied

in order to expose hydrophilic residues to solvent and to

sequester hydrophobic residues in the interior of the

protein. Early targets were helical proteins; a fiducial

74-residue four-helix bundle was the template structure [40].

Such a structure has more than 2074~1096 possible sequences.

After binary patterning, five hydrophobic and six

hydrophilic amino acids were permitted at 24 interior

and 36 exterior positions, respectively, thus reducing the

total number of possible sequences to 1041 . From a pro-

tein library consistent with this binary patterning, a set of

50 correctly expressed sequences was selected for further
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study. Around half of the 50 sequences isolated are protein-

like in many respects [30], including their thermal

denaturation [41]. About half the isolated sequences

also bind heme [29] and many of these display carbon

monoxide binding [42*] or peroxidase activity [43]. This is

surprising given that such functions were not part of the

design or selection of the sequences. In a second-generation

design, the group added six residues to each of the four

helices of one of the most protein-like sequences. The
additional residues were combinatorially patterned, as

in the original experiment [39**]. For these 102-residue

sequences, the free energies of folding are increased

2-3-fold and the NMR data suggest well-determined

structures. Using binary patterning of hydrophobicity

consistent with an amphilic P sheet [44], the Hecht group

has also identified proteins that aggregate to form amyloid

fibrils [45] and crafted monomeric p proteins by introducing

a nonpolar lysine mutation at the 'edge' strand of the

target P sheet [46**].

Despite the striking results from hydrophobic patterning,

more detailed methods for library design are merited. Many
of the hydrophobically patterned sequences that appear

well structured are not sufficiently soluble for NMR
structure determination [46**] and, as a result, little is

known concerning their structures at the atomic scale. Not
all of the cc-helical sequences exhibit the sharp thermal

transition seen in natural proteins (usually associated with a

large AH of folding). Such sequences may not possess

well-packed interiors [41]. In natural proteins, the side-

chains of most interior residues are well determined, as

opposed to the variability that is obtained using hydrophobic

patterning alone and that is observed in many de novo

designed proteins [13,18]. A more fine-grained dictation of

the amino acid identities is probably necessary for obtaining

libraries that are rich in sequences with well-defined struc-

tures. Moreover, a more detailed specification of amino acid

identities yields fewer sequences than hydrophobic pattern-

ing alone and further reduces the complexity of the library.

Theories of combinatorial libraries

Surveying the complete sequence landscape of proteins

seems, at first glance, intractable to both experiment and

computation. In addition to the enormous number of

possible sequences, many examples exist in nature of dis-

similar sequences folding to essentially the same structure.

Hence, sequence properties are nontrivial and proteins

sharing a common structure can be nonlocal in sequence

space. Nonetheless, computational methods permit us to

estimate the properties, particularly the amino acid proba-

bilities, of sequences consistent with a target structure.

Repeated use of directed search methods can estimate the

properties of an ensemble of sequences. Desjarlais and

co-workers have used independent runs of their sequence

prediction algorithm across an ensemble of closely

related structures all consistent with a particular fold

(JR Desjarlais et aL, personal communication). For each

structure, an optimal 'nucleating' sequence is identified

and subsequently the sequence/rotamer variability is

explored throughout the structure. The method identifies

effective reduced partition sums for each sequence/rotamer

state and amino acid probabilities may be obtained at each

residue position. The number of sequences decreases

with stability, so the degree of complexity can be tuned by

varying a cutoff in the effective free energies of the

sequences. The method has been used to identify sequences

consistent with the fold of a WW domain, a small p-sheet

protein [1**], some of which are currently being experi-

mentally characterized.

The amino acid frequencies can also be determined

directly, using a statistical theory of combinatorial libraries

[47,48**,49**]. Ideas from statistical mechanics are used to

address the number and composition of sequences that are

consistent with a particular backbone structure. The theory

addresses the whole space of available compositions, not

just the small fraction that is accessible to experiment and

to computational enumeration and sampling. The theory

takes as input a target backbone structure and a scoring

or energy function for quantifying sequence/structure

compatibility. Global and local features can be prespecified

using constraints on the sequences. For example, such

constraints can be used to determine the energy the

sequences assume in the target structure, the patterning of

amino acids and the number of each amino acid present

(composition). The theory yields estimates of both the

number of sequences consistent with these constraints and

the amino acid probabilities at each residue position.

These residue-specific probabilities are the most probable

such set and are determined — as in statistical mechanics

— by maximizing an effective entropy, whereby this

maximization is subject to constraints. Just as in thermo-

dynamics, the judicious use of constraints can be used to

reduce the entropy or the number of possible sequences.

Thus, these methods provide a systematic means to focus

the library, winnowing numbers such as 10 130 to numbers

that are experimentally manageable, for example, 106 . The
theory agrees well with exact results obtained with lattice

models of proteins [47,48**]. This method has been

extended to realistic representations of proteins, in

which the effects of sidechain packing are included in

an atom-based manner [49**]. The calculated sequence

probabilities of the immunoglobulin light chain binding

domain of protein L are in agreement with the frequencies

observed in combinatorial phage display experiments [50,51].

These statistical methods have several advantages. They
may be applied to much larger proteins (N >100 residues)

and permit much larger sequence variation than many
directed methods. They are sufficiently rapid that many
backbone structures may be considered and those features

that are robust with respect to minor structure modifications

may be identified. Importantly, such methods provide

perhaps the most natural input for a combinatorial exper-

iment, the probabilities of the amino acids at each position

among the sequences of a library. These amino acid
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probabilities can also be used to identify specific amino

acid sequences, which can then be synthesized; a consensus

sequence comprising the most probable amino acid at each

site can be selected or the probabilities can be used to bias

a stochastic search for viable sequences (J Zou, JG Saven,

unpublished data).

If the energy of the target state is one of the constraints,

the statistical method reduces to an effective mean field

theory. Mean field theories have seen extensive application

in physical science and in biomolecular theory [52], and

to protein evolution and natural sequence variability ([53];

H Kono, JG Saven, unpublished data). Voigt etai [14*] have

compared mean field theories with directed search

methods for identifying ground state sequence/rotamer

combinations in protein design. They found that, although

often more rapid, mean field theories do not always identify

such ground states. Interestingly, Voigt etal. applied the mean
field theory to large proteins (subtilisin E and T4 lysozyme)

to determine local site entropies, sv where exp(^) quantifies

the effective number of amino acids allowed at residue %

in a structure [54* #
,55]. Sites with large values of sv those

most tolerant to mutation [56], are likely to support sub-

stitutions that improve stability or function when in vitro

evolution experiments are used to explore sequence

space [37]. For such experiments, the mutation rate is low

enough that multiple mutations of strongly interacting sites

are rare. Thus, mutations that improve 'fitness' are most

likely to accumulate at sites that are the most 'decoupled'

from other sites. Such mutations can potentially be targeted

for variation in an in vitro evolution experiment.

Conclusions
Much recent progress has been seen in the design and

discovery of new proteins, and combinatorial approaches

are accelerating the pace. Such methods are most useful

when our quantitative understanding of important protein

properties, such as stability and catalytic activity, is limited.

Not only can combinatorial methods be used for discovery

but also, more deeply, they can inform our understanding

of protein properties by generating and assaying whole

ensembles of sequences. Traditionally, advances in

structural biology have come from examining the structures

of naturally occurring proteins, but, with combinatorial

experiments, an enormous diversity of sequences can be

generated at the control of the researcher. Detailed ques-

tions can be addressed, such as the utility of hydrophobic

patterning or of predetermining particular sites for amino

acid variation. Theory and simulation will continue to aid

the design and interpretation of combinatorial experiments.

Such methods will also facilitate the exploration of what is

possible with the amino acids: how diverse is the set of all

possible sequences that fold to a particular structure and

what structures not yet seen in nature can be crafted with

the amino acids? Such methods will perhaps have an even

more profound impact on designing nonbiological

foldamers [57
##

], structures about which we have much less

empirical information than we do about biopolymers.
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Figure 6-1

The structural hierarchy In proteins; (a) primary structure, (b)

structure, (c) tertiary structure, and (d) quaternary structure,
copyrighted © by Irving Geis.]

Quaternary structure;

the four separate chains
of hemoglobin assembled
into an eijgQmeric protein

secondary
[Figure

1.

2.

Protein function can only be understood in terms of pro-
tein structure, that is, the three-dimensional relation-
ships between a protein's component atoms. The struc-
tural descriptions of proteins, as well as those of other
pblymeric materials, have been traditionally described
in terms of four levels of organization (Fig. 6-1):

A protein's primary structure (V structure) is the
amino add sequence of its polypeptide chain(s).

Secondary (2°) structure is the local spatial arrange-
ment of a polypeptide's backbone atoms without re-
gard to the conformations of its side chains.

Tertiary (3*) structure refers to the three-dimen-
sional structure of an entire polypeptide. The distinc-
tion between secondary and tertiary structures is, of
necessity, somewhat vague; in practice, the term sec-
ondary structure alludes to easily characterized struc-
tural entities such as helices.

Many proteins are composed of two or more poly-
peptide chains, loosely referred to as subunits,wnjch associate through noncovalent interactions'
and, in some cases, disulfide bonds, A protein's
quaternary (4*) structure refers to the spatial ar-
r*ngement of its subunits.

3.

4,

In this, the first of four chapters on protein structure,
we discuss the 1 ° structures of proteins: How they are
elucidated and their biological and evolutionary signifi-
cance. We also survey methods of chemically synthesiz-
ing polypeptide chains. The 2°, 3% and 4 r

structures of
proteins which, as we shall see, are a consequence of
their 1

0
structures, are treated in Chapter 7, In Chapter 8

we take up protein folding, dynamics, and structural
evolution, and in Chapter 9 we analyze hemoglobin as a
paradigm of protein structure and function.

1. PRIMARY STRUCTURE
DETERMINATION

The first determination of the complete amino acid
sequence of a protein, that of the bovine polypeptide
hormone insulin by Frederick Sanger in 1953, was of
enormous biochemical significance in that it definitively
established that proteins have unique covalent struc-
tures. Since that time, the amino acid sequences of sev-
eral thousand proteins have been elucidated, This ex-
tensive information has been of central importance in
the formulation ofmodem concepts of biochemistry for
several reasons:
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